Abstract. As habitats become more fragmented, understanding landscape-level effects on habitat quality becomes increasingly important. These effects include factors intrinsic to the habitat fragments, such as vegetation cover and structure, and extrinsic factors, such as the modifying influences of surrounding (matrix) habitats. We develop a spatial model, the Effective Area Model (EAM), that predicts the effects of matrix habitats on species abundances in habitat patches. Model predictions are based on two sets of parameters: measures of species abundances at various distances from habitat edges (''edge responses'') and measures of the size and shape of the habitat fragments. We test model predictions for bird assemblages occupying fragmented habitats in central coastal California. Predictions of the relative abundances of birds, based on results from previous studies at nearby sites, are made for six small (Ͻ3 ha) patches of oak woodland habitat, three surrounded by grassland and three surrounded by chaparral. Results from field studies of these patches show significant differences between the two groups, indicating that the type of habitat surrounding a patch influences the composition and structure of the bird assemblage it supports. The rank order of species abundances correlated more closely with predictions of the EAM than with those of a null model that did not account for edge and matrix effects. The EAM is an improvement over models that do not account for the influence of surrounding habitats on the distribution and abundance of animals in small habitat patches, and over those that assume a consistent response, for a given species or taxon, at all types of edges. This approach may prove useful in attempts to understand and predict the effects of habitat fragmentation and restoration on the organization of animal assemblages.
INTRODUCTION
Conservation science has focused intensely on the implications of habitat fragmentation and the increasing isolation of the remaining patches (Diamond 1975 , Simberloff and Abele 1976 , Terborgh 1976 , Ambuel and Temple 1983 , Harris 1984 , Robinson et al. 1992 , Herkert 1994 , Robinson et al. 1995 . This attention is appropriate: in many areas, agriculture and development have made a patchwork out of previously continuous native habitat, creating landscape mosaics composed of open fields, secondary vegetation, and patches of remnant habitat (Wilcox and Murphy 1985 , Wilcove et al. 1986 , Franklin and Forman 1987 , Saunders et al. 1987 . Despite interest in the ability of these patches to sustain viable populations of native species, relatively little work has focused on the effects of the modified environment surrounding the remnant patches (Andrén 1992 , Pearson 1993 , Mills 1995 Studies of animal assemblages in patches have focused on the importance of patch area and distance from sources of potential colonists. Species diversity in these habitat patches is known to depend, in part, on rates of immigration and emigration (MacArthur and Wilson 1967 , Diamond and May 1977 , Fahrig 1994 , as well as on vegetational, topographic, and microclimatic diversity (Galli et al. 1976 , Wilcove et al. 1986 , Wiens 1989 , Fraver 1994 . Research on habitat patches in isolation from the surrounding landscape, however, has highlighted the shortcomings of applied island biogeography (Simberloff and Abele 1976 , Saunders et al. 1991 , Wiens 1994 . Increasingly, ecologists are focusing on population dynamics and community structure in heterogeneous environments (Danielson 1992 , Pulliam et al. 1992 , McKelvey et al. 1993 ) and examining environmental influences from outside the patch, including the availability of resources, and exposure to sun and wind (Ranney et al. 1981 , Saunders et al. 1991 , Matlack 1993 . These studies are becoming increasingly relevant as animal populations and natural resources are managed as complex and continuously changing landscapes (Reichman and Pulliam 1996) .
One framework for understanding the effects of landscape heterogeneity on individual species is to study their response to habitat edges (Giles 1978 , Dasmann 1981 , Harris 1988 , Reese and Ratti 1988 , Noss 1991 . Studies of edge effects constitute some of the earliest attempts by ecologists to understand ecological processes at the landscape scale (e.g., Leopold 1933 , Lay 1938 . Many studies have shown that certain species reach their highest or lowest abundances at particular habitat edges (e.g., Kendeigh 1944 , Johnston 1947 , Whitcomb et al. 1981 , Kroodsma 1984 , Lynch and Whigham 1984 . Species that are encountered more commonly near the edge are often termed ''edge species' ' (e.g., Johnson 1975 , Giles 1978 , Reese and Ratti 1988 , and those whose densities are low near the edge are considered to be habitat-interior species (e.g., Brittingham and Temple 1983 , Wilcove et al. 1986 , Thompson 1993 . A more quantitative approach to understanding how species respond to habitat edges involves measurement of a species-specific edge response (Noss 1991 , Sisk 1992 , defined as the pattern of change in population density at incremental distances from the habitat edge. Despite broad recognition of the influence of edges on insular biota, consideration of edge effects has not been demonstrated to be particularly useful in attempts to understand the organization of animal assemblages in heterogeneous landscapes. A quantitative, predictive approach is needed before the concept can be effectively applied to solve problems of reserve design and management.
Here we develop an empirically based spatial model that incorporates patch size and shape, composition of matrix habitats, and species-specific edge responses to predict the organization of animal assemblages occupying heterogeneous landscapes. Field tests are used to evaluate the model and to compare it with a null model that does not take into account the effects of edge and matrix habitats. Drawing on the models and our empirical results, we address two related questions: (1) how does the habitat surrounding a given patch influence the composition and organization of the bird assemblage it supports; and (2) how consistent are the population-level responses of birds at different edges of similar types?
We hypothesize that similar patches, surrounded by habitats that differ in vegetation structure and species composition, will support different bird assemblages, while patches surrounded by the same habitat will support similar bird assemblages. To test this hypothesis, we compare the avian assemblages in isolated patches of oak woodland habitat surrounded by one of two habitat types-grassland or chaparral. These two matrix habitats are expansive and continuous in the study areas, broken only by the oak patches. If bird assemblages in oak patches are not influenced by the matrix habitat, then the assemblages occupying patches surrounded by different matrix habitats would be expected to differ no more than those surrounded by the same matrix habitat.
The Effective Area Model
Ecologists and wildlife managers have often assumed that animals will show consistent, characteristic patterns of habitat selection at edges, even when the adjoining habitat differs in vegetation structure and/or species composition. Implicit in this assumption is the idea that edges of all types share some intrinsic qualities, and that their influence on the distribution of organisms and the composition of assemblages is similar. There is little evidence to support these views. Very few studies have measured population-level responses of organisms at even one type of edge, making it impossible to determine whether the response detected is characteristic of the species' response to edges in general. Studies that have measured edge responses for entire assemblages or communities find considerable variation among species (Noss 1991, Sisk and Margules 1993) . Some occur in greater abundance near edges (hereafter called ''edge-exploiters''), some are less abundant or absent (''edge-avoiders''), and some species are equally abundant at the edge and in the interior of a habitat patch (''edge-neutral'').
To test the consistency of the responses of individual species to edges and thus the influence of matrix habitat on animal abundances in habitat patches, we developed an empirically based spatial model that we call the Effective Area Model (EAM). The EAM requires two types of input: the edge response of each species, and a landscape map. The edge responses are determined for each species from independent field data, and described by a plot of abundance against distance from the edge (see Fig. 1 for an example). Landscape maps characterize the size, shape, and habitat type of each patch in the study area and the matrix habitat(s) surrounding them.
The EAM predicts species abundances in a habitat fragment by projecting density estimates from the edge response curves onto digitized maps of each of the habitat patches. Each patch is divided into subregions based on distance from the edge. The boundaries of these subregions correspond to the distance intervals used for field surveys of species abundances, which are used to define species-specific edge responses. Multiplying the area of each subregion by the corresponding estimate of population density, and then summing the products for all subregions, gives a predicted population size for the species in a particular patch (Fig. 1) when predicting animal abundances in habitat fragments (Temple 1986 , Temple and Cary 1988 , Laurance and Yensen 1991 . The EAM incorporates variability in edge effects among species and among different edge types (i.e., where patches are embedded in different matrix habitats).
Several practical considerations influence how the EAM is applied. The resolution of the edge responses determines the spatial resolution of the model. The layout of transects and selection of survey techniques should be scaled to the life history characteristics (e.g., territory size, vagility) of the taxa being studied. Logistic and methodological limitations often constrain sampling designs somewhat, but the flexibility in quantifying edge responses allows the EAM to be applied to animals operating at different spatial scales.
We characterize species-specific edge responses and develop the EAM using discrete distance intervals. A different approach involves fitting a continuous weighting function to the field data, and applying this equation to the landscape maps. We explored both approaches, and found the discrete model to be most appropriate. Identification of a continuous function describing edge responses is theoretically satisfying, but in this case it was not defensible. Even the ''best fits'' smoothed actual responses considerably, and discrimination between first and higher order functions was seldom straightforward. The discrete approach employs field data directly in the weighting procedure, and can be readily applied by managers (Sisk and Margules 1993) .
To test the accuracy of this model, we used it to predict the relative abundances of breeding birds in the small patches of oak woodland described above. Small patches were chosen because they have a high proportion of edge relative to the area of interior habitat. This dictates that edge responses will have a large influence on the predictions of species abundances in each patch, providing a robust test of the generality of the empirically derived edge responses and the ability of the EAM to model the influence of matrix habitats on bird assemblages. Edge responses were determined for all breeding bird species in a previous study.
A second set of predictions was made using a null model based on the assumption that oak woodland habitat within each of the focal patches was homogeneous and unaffected by the matrix habitat. These predictions were generated using estimates of bird abundances in the interior of large tracts of oak woodland habitat (Sisk and Margules 1993) . The area of the small woodland patches was multiplied by the mean density of each bird species in interior oak woodland. The products are the predicted abundances of each species in each habitat patch, disregarding edge and matrix effects. This represents a typical approach to estimating species abundances based on habitat associations, and is used here as a benchmark against which the EAM is compared.
FIELD METHODS

Study system
The foothills of the Santa Cruz Mountains in central coastal California support a landscape characterized by a mix of grassland, chaparral, and oak woodland habitats. Frequently, these habitats form abrupt edges. From an initial pool of 20 potential sites identified from aerial photographs, six suitable oak woodland patches were selected in San Mateo County: three that are surrounded by chaparral at the Jasper Ridge Biological Preserve, and three that are surrounded by grassland in adjacent foothills. No two patches in the same landscape were separated by Ͻ200 m or Ͼ500 m, and the two landscapes were ϳ4 km apart. Landscape composition precluded the selection of sites that were distributed randomly in space-patches surrounded by chaparral were closer to each other than they were to patches surrounded by grassland. This could confound comparisons between the two matrix types; however, it is inconsequential to the primary objective of the field study: comparison of the predictions of both the EAM and null model with the actual bird assemblages.
The selected patches had similar areas (mean Ϯ 1 SD ϭ 1.62 Ϯ 0.25 ha), edge:area ratios (370 Ϯ 45 m/ha), and spatial configurations. Each was a discrete patch completely surrounded by either chaparral or grassland. Through the site selection process, we controlled (to the extent possible) for habitat structure and understory vegetation. However, the oak woodland component of the two landscapes differed slightly, as the understory of each patch included some species common to the surrounding habitat. All of the patches are part of the same range of foothills, and are close enough together to suggest that they draw from the same pool of potential bird species. All species treated in the EAM are abundant in suitable habitats throughout the region. The oak woodland patches, and the chaparral shrubland and nonnative grasslands surrounding them, are typical of the Santa Cruz Mountains (Munz 1959) .
Measuring microclimate variables
Microclimatic measurements were taken prior to bird surveys on eight occasions to quantify the abiotic factors that may influence habitat selection by birds, allowing us to compare site characteristics for the different habitat patches. Measurements were taken at 10-m intervals along transects perpendicular to the edge, beginning at the center of the oak woodland patch and continuing 30 m into the matrix habitat. Air temperature was measured at 1 m above ground level with a digital thermometer (Keithley 872). Light intensity was measured at 2 m above ground level with a video light meter (FCL-150, Shepard Video, New York, New York). Relative humidity was measured at 1 m above the ground using a wet-bulb/dry-bulb sling psychrometer.
Bird surveys
Edge responses, the basic input data for the EAM, were determined for all common breeding birds in an earlier study at nearby sites (Sisk and Margules 1993) . Transects were established perpendicular to edges between oak woodland and chaparral, and between oak woodland and grassland. Unlike the current study, the relatively straight edges separated large (Ͼ100 ha), continuous tracts of oak woodland from chaparral or grassland. Birds were surveyed repeatedly at 36 fixed points along eight parallel transects. Density estimates (variable circular plot method [Reynolds et al. 1980 , DeSante 1981 ) were determined for all species at the edge and at points 100 and 200 m into the oak woodland, chaparral, and grassland habitats. These distance intervals were selected after consideration of life history characteristics and methodological limitations. We believe these intervals are appropriate for characterizing the edge responses of many passerine birds, whose territory sizes typically are Ն1 ha, and whose vagility makes finer scale resolution of edge responses problematic. Sampling units were circles with radii of 35-50 m, depending on species, so smaller intervals would have resulted in an unacceptable number of double counts. Some species, such as hummingbirds, may be responding to edges at a finer scale, but methodological constraints precluded greater resolution. For descriptive purposes, we classified all bird species as being either edge-exploiters, edge-avoiders, or edgeneutral at each edge type (see Table 1 for summary). All input data, for both the EAM and null models, consisted of density estimates from the species-specific edge responses.
Birds were surveyed in the oak woodland patches during the 1991 breeding season, blind to the predictions of the model. A single observer (N. M. Haddad), who was not involved in the modeling effort, conducted 60 point counts at each of the six oak woodland patches over 15 site visits between 5 April and 17 May. Within each patch, four survey points were established such that each point was 15 m from the edge and at least 80 m from any other point, thus minimizing doublecounting. Precise locations were mapped for each individual located by site or sound. Territorial males were distinguished from other individuals and used to identify the species breeding in or near each patch (Franzreb 1981) . Surveys occurred between 0.5 h before and 3 h after sunrise. No surveys took place on days that were rainy or unusually windy.
Analysis
To determine the effect of matrix habitats on bird assemblages in the oak woodland patches, we examined differences in species richness, diversity (Shannon's index), and species composition among patches. We calculated coefficients of dissimilarity among bird assemblages in each patch, then made pairwise compar- isons using the chord distance method (Able and Noon 1976, Ludwig and Reynolds 1988) . We used cluster analysis to compare coefficients of dissimilarity and to identify similarities in avian assemblages occupying different patches. The cluster algorithm identifies the most similar patches, groups them, and then repeats the process until cluster distances are determined for all patches or groups of patches (Ludwig and Reynolds 1988) . Euclidean distances between patches reflect the degree of similarity among bird assemblages occupying each patch, and serve as measures of the influence of matrix habitats on species composition.
To compare the predictions of the EAM and the null model with field results, we ranked species according to their relative abundance in each landscape. The available empirical data permitted ranking of 26 species in the grassland-oak woodland landscape and 24 species in the chaparral-oak woodland landscape. We used the independent predictions generated by the EAM and null models to rank species according to their expected relative abundances, given the assumptions for each model. We then tested these expected rank orders for correlation with the rank order obtained from the field surveys using Kendall's as a test statistic (Sokal and Rohlf 1981) .
Finally, to identify some of the population-level differences underlying the observed differences in bird assemblages, we examined the abundances of individual species in the two patch types. Inspection of survey results revealed dramatic differences for many species. To quantify differences among patches surrounded by different matrix habitats, we computed t statistics, following square-root transformation of point counts to correct for truncation of normal distributions caused by frequent counts of zero for many species (Sokal and Rohlf 1981) . Significance tests of these results must be viewed with caution, however, because the patches are not spatially independent replicates: patches surrounded by the same matrix habitat were closer to each other than they were to other patches, introducing the possibility of spatial autocorrelation. Nevertheless, the results provide a more detailed perspective on the differences in the organization of bird assemblages in each patch, and they identify species thought to be most and least affected by edge and matrix habitats.
RESULTS
Microclimate
The most dramatic changes in environmental conditions in both patch types occurred within 25 m of the habitat edge (Fig. 2) . Trends in the values for microclimatic variables from the center to the edge of the oak woodland patches did not differ significantly be- tween the two landscapes, with the exception of relative humidity, which was higher in patches surrounded by chaparral (t ϭ 2.63; P Ͻ 0.05). Otherwise, mean rates for all variables were similar.
Bird assemblages
In the oak woodland patches surrounded by chaparral, 439 individuals representing 26 species were counted with an average (mean Ϯ 1 SD) of 20 Ϯ 1.7 species in each patch. In the patches surrounded by grassland, 1189 individuals representing 44 species were detected, with an average of 32 Ϯ 3.2 species in each patch. Mean values for Shannon's index were 2.51 Ϯ 0.07 in the patches surrounded by chaparral, and 2.90 Ϯ 0.11 in patches surrounded by grassland. Both the number of species (t ϭ 2.13; P Ͻ 0.01) and Shannon's index (t ϭ 2.13; P Ͻ 0.01) differed significantly between patches surrounded by different matrices.
Indices of dissimilarity also show consistent differences among patches surrounded by different matrix habitats. The cluster analysis illustrates these differences by grouping the most similar patches (Fig. 3) . Without exception, patches with the same matrix habitat formed closer groupings than patches with different matrices. The greatest Euclidean distance between patches surrounded by the same matrix habitat is shorter than the smallest distance between patches surrounded by different matrices (Fig. 3) . However, no cluster distance was close to zero (the value signifying perfect overlap of species assemblages), indicating heterogeneity in species composition among like patches.
Testing model predictions
The primary objective of this study was to compare the accuracy of the EAM against a null model that ignored the effects of edge and matrix habitats. First, we examined the predictions of the EAM for patches surrounded by different matrix habitats to evaluate the model's sensitivity to the different responses recorded for many species at the different edge types. The rank order of species abundance predicted by the EAM for the patches surrounded by grassland showed no correlation with predictions for patches surrounded by chaparral (Kendall's ϭ 0.090; P Ͼ 0.50), suggesting that the variation in responses should have a profound effect on bird assemblages in the two landscapes. This was consistent with results from field surveys showing Note: Predictions of the Effective Area Model (EAM), developed in this paper, and those of a null model based on patch area alone are presented; ϭ Kendall's coefficient of rank correlation (Sokal and Rohlf 1981) . Note: Differences in mean abundance for patches surrounded by different matrix habitats were compared with t tests for species detected more than five times. Species are identified by their American Ornithologists' Union abbreviations (see Appendix). significant differences in both species composition and relative abundances (Table 1) .
For the three oak woodland patches surrounded by chaparral, results from both the EAM and the null model were significantly correlated with the rank order of species abundance detected in the field surveys. However, the EAM's predictions fit the empirical data better (Kendall's ϭ 0.393; n ϭ 24; P Ͻ 0.01) than do those of the null model ( ϭ 0.342; n ϭ 24; P Ͻ 0.05) ( Table  2) .
The EAM predictions for the oak woodland islands surrounded by grassland were also correlated with results from field surveys ( ϭ 0.285; n ϭ 26; P Ͻ 0.05), whereas those of the null model were not significantly correlated with field data ( ϭ 0.228; n ϭ 26; P Ͼ 0.10). Here, the EAM predictions were much more accurate than those of the null model, although the predictive ability of both techniques was lower for these patches than for those surrounded by chaparral.
Species-level comparisons
Comparison of the abundances of individual species in the two landscapes highlights the great disparity between bird assemblages in the otherwise similar oak woodland patches. Of the 26 species found in the patches surrounded by chaparral, 4 were absent from similar patches surrounded by grassland: Steller's Jay, Chestnut-backed Chickadee, Wrentit, and Anna's Hummingbird (Table 3 ; scientific names of all species are given in the Appendix). Half of the species (22/44) present in the oak woodland patches surrounded by grassland were not observed in the patches surrounded by chaparral, including three of the seven most abundant species: European Starling, Northern Mockingbird, and Red-winged Blackbird. Thirty-four species were sufficiently common to test the null hypothesis that their abundances did not differ among oak woodland patches surrounded by different matrix habitats. For 16 species (47%), this hypothesis was rejected (Table 3) , significantly more than would be expected by chance alone (expected: 34 ϫ 0.05 ϭ 1.7; 2 ϭ 49.96 with 1 df; P Ͻ 0.001).
DISCUSSION
The influence of chaparral and grassland habitats on bird assemblages in oak woodland patches adds to a growing literature documenting the pervasive effects of matrix habitats on animal distributions in fragmented landscapes (e.g., Szaro and Jakle 1985 , Pearson 1993 , Fahrig 1994 , Mills 1995 . Patches surrounded by the same matrix habitat supported bird assemblages that were much more similar than patches surrounded by different habitats, both in species composition and in relative abundance. One source of the similarity among patches was the contribution, from both matrix habitats, of characteristic habitat specialists that were also en-countered in oak woodland patches, presumably due to their proximity to their preferred habitats. Examples include the California Thrasher in chaparral and the California Quail in grassland. In addition, several oak woodland species were absent in patches surrounded by one matrix type and common in those surrounded by the other, and many more were present at different levels of abundance in patches surrounded by different matrix habitats (Table 3) .
The observed differences between the bird assemblages might have resulted from factors intrinsic to the individual patches or from the effects of the surrounding habitats. The proximity of the six oak woodland islands studied (all were within 5 km of each other) and the local commonness of the species included in the analyses suggest that all patches drew from the same regional pool of bird species. Vegetation composition and structure were similar in all oak woodland patches, and microclimatic measurements showed similar trends for all variables within the patches and across the oak woodland-matrix edges (Fig. 2) . Together, these results indicate that factors intrinsic to the patches were not driving the observed patterns of bird abundance, and that matrix habitats influenced withinpatch habitat quality.
Many of these matrix effects are manifested as edge effects. Studies of animal abundances in heterogeneous landscapes have documented consistent trends in abundance near edges (Noss 1991 , Sisk and Margules 1993 , Mills 1995 , and support the idea that different portions of a habitat patch may be of disparate value to many bird species, depending on distance from the edge. Species that utilize both patch and matrix habitats are likely to be more abundant near edges, and therefore relatively common in small patches with high edge-to-area ratios. In contrast, edge-avoiding species may find little or no suitable habitat in patches where the influence of the edge reaches the center of the patch.
Results from this study demonstrate that these factors do play an important role in determining the organization of bird assemblages in patchy habitats, and that these effects can be quantified and used in a predictive framework. The area of a habitat patch that is suitable for a particular species is a function of the organism's sensitivity to edge effects, and the size and shape of the patch. The EAM offers a tool for predicting the effective habitat area for multiple species in heterogeneous landscapes.
The agreement between the predictions of the EAM and results of field surveys in each group of patches indicates that knowledge of species-specific edge responses can provide a reasonably good prediction of how each species will respond in landscapes of differing composition and spatial structure. When the EAM was applied to the study landscapes, the predicted relative abundances of bird species occupying the two groups of habitat patches differed significantly, reflecting the model's sensitivity to variations in populationlevel responses to the different edge types. A species' response to edges between grassland and oak woodland often differs greatly from its response to edges between oak woodland and chaparral, but its response to different grassland-woodland edges appears to be relatively consistent.
The incorporation of empirically derived edge responses for each species into a predictive model gives the EAM several advantages over earlier habitat-based models of edge effects. First, it considers all members of the assemblage, not only the habitat-interior or edgeavoiding species that are the focus of most models dealing with fragmented habitats (Temple 1986, Temple and Cary 1988) . The EAM can be used to predict the densities of species of special concern, as well as other species likely to influence their abundance, such as competitors, prey species, or predators. Secondly, the EAM treats edge responses as functions that change with distance from the edge. Some models treat the edge response as a constant, even though the effects of the mechanisms underlying it (e.g., changes in vegetation and microclimate, interactions with species from matrix habitats) generally decline with distance from the edge (Wilcove et al. 1986, Laurance and Yensen 1991) . Most importantly, the model considers in its predictions the variation in edge responses among species and edge types. This study demonstrates that an understanding of the variation in the responses of different species to habitat edges is important when attempting to predict animal abundance in patchy habitats and heterogeneous landscapes.
APPLICATION TO MANAGEMENT
The EAM's consideration of factors external to the patch itself permits a more realistic approach for modeling habitat suitability in heterogeneous landscapes, and provides a tool for assessing the possible effects of alternative management options on many species, over large areas (Sisk and Margules 1993) . In cases of habitat fragmentation and restoration, for example, these factors may dominate, leading to very different bird assemblages in similarly isolated patches of the same habitat type (Burgess and Sharpe 1981, Wiens 1989) .
The EAM may also prove useful as a ''front end'' to other landscape models, including demographic models that operate in spatially explicit landscapes (e.g., Pulliam et al. 1992 , McKelvey et al. 1993 ). These models typically treat individual patches as homogeneous areas of equally suitable habitat, and incorporate variability in habitat quality only among different patches. The EAM approach allows within-patch habitat quality to vary based on the composition of matrix habitat, the amount of edge, and species-specific responses to those edges. Ongoing work integrating the EAM approach with one such spatially explicit demographic model indicates that, in highly fragmented landscapes, the model is sensitive to relatively subtle edge responses (T. D. Sisk, unpublished data) .
Even when managers lack the resources for detailed investigation and population modeling, the EAM provides managers with a tool for considering the surrounding matrix and the effects of habitat edges. Land management decisions often hinge on issues related to boundary management, such as the delineation of timber, grazing, and reserve areas. In fragmented habitats, where management activities are common and often intensive, consideration of spatial effects becomes critical. Conservation and resource planning will benefit from tractable, management-oriented modeling approaches that incorporate the effects of edge and matrix habitats on animal distribution and abundance.
